Objective To investigate the long-term effects of complex decongestive therapy (CDT) on edema reduction in breast cancer-related lymphedema patients after axillary dissection, according to the initial volume of edema. Methods A retrospective review of 57 patients with unilateral arm after an axillary dissection for breast cancer was performed. The patients, treated with two weeks of CDT and self-administered home therapy, were followed for 24 months. Arm volume was serially measured by using an optoelectronic volumeter prior to and immediately after CDT; and there were follow-up visits at 3, 6, 12, and 24 months. Patients were divided into two groups according to the percent excess volume (PEV) prior to CDT: group 1, PEV<20% and group 2, PEV≥20%. Results In group 1, mean PEV before CDT was 11.4±5.0% and 14.1±10.6% at 24 months after CDT with no significant difference. At the end of CDT, PEV was 28.8±15.7% in group 2, which was significantly lower than the baseline (41.9±19.6%). The reduction of PEV was maintained for 24 months in group 2. Conclusion The long-term effects of CDT were well-maintained for 24 months, but there was a difference in progression of PEV between the two groups. The patients with more initial PEV showed significant volumereducing effects of CDT. In patients with less initial PEV, the severity of lymphedema did not progress to higher grades.
INTRODUCTION
Arm lymphedema is well-established sequelae of breast cancer treatment. It causes functional and physical defects as well as psychological maladjustments, thereby reducing patient's quality of life [1] [2] [3] [4] [5] . Breast cancer-related lymphedema (BCRL) is affecting an increasing number of breast cancer patients with a longer survival rate for the patients [6] . Furthermore, patients who have undergone a mastectomy with axillary lymph node dissection (ALND) have a greater arm-volume and more commonly report www.e-arm.org symptoms of lymphedema, as compared to patients who have received a sentinel lymph node biopsy (SLNB) [5, 7] .
The major goal of lymphedema treatment is to reduce edema volume in the long-term and thus improve patient's quality of life. Current standard management of secondary arm lymphedema involves complex decongestive therapy (CDT). CDT includes the application of lowstretch bandaging, manual lymph drainage, compression therapy, exercise, and skin care [8] .
Measurements of limb-volume may be used to monitor the progression of conditions as well as the response to CDT. Some studies have reported volume reduction in limb lymphedema during the first 12 months or less of following CDT [9, 10] , but there have been limited studies regarding the long-term effects of CDT [11, 12] . Recently we reported that the long-term edema-reducing effects of CDT have been maintained over 24 months in lower-limb lymphedema [13] . To evaluate the continuous effects of CDT, it is important to discern, by follow-up examinations, the maintenance of long-term volume reduction.
Also, several studies have suggested that the initial volume of edema is the main key to a success in treatment, regardless of whether the treatment is early or late [14, 15] . However, these studies did not show how long the beneficial effects of CDT lasted as based on the initial volume of edema. For this reason, we performed a retrospective assessment of the maintenance of volume-reduction in BCRL patients with ALND for 24 months after CDT. Patients were divided into two groups according to the percent excess volume (PEV) prior to CDT, and we investigated the difference in change of PEV between the two groups.
The aim of this retrospective study was to investigate the long-term effects of CDT on edema reduction in BCRL patients after an axillary dissection, as well as to identify the difference in change of PEV according to the initial volume of edema.
MATERIALS AND METHODS

Patients
A retrospective chart review was performed for patients treated for arm lymphedema between January 1, 2001 and October 30, 2011. The inclusion criteria for this study were: 1) unilateral arm lymphedema after a mastectomy with ALND for breast cancer; 2) fully attended decongestive treatment five times per week for two weeks; and 3) clinical follow-up longer than two years after CDT. Patients who had a recurrence of cancer, other vascular, heart or renal disease and/or a past history of lymphedema treatment were excluded. Patients who underwent a mastectomy with SLNB had less severe lymphedema in the arm, which shortened the duration of CDT and resulted in insufficient follow-ups. For this reason, in our study, patients with SLNB were excluded. Also, patients who had an infection, trauma, and additional cancer treatment for 24 months were declined enrollment. Consequently, a total of 116 patients were eligible, of whom 57 (49%) were enrolled for the study.
The following clinical characteristics were obtained after a retrospective chart review: patient's age, sex, body mass index [BMI], cancer-related therapy (type of surgery, chemotherapy, and radiotherapy), period of time from surgery to onset of lymphedema, chronicity of lymphedema, site of lymphedema (right or left), and lymphedema volume. This study was approved by the governing Institutional Review Board of our hospital.
Complex decongestive therapy
All patients were treated with CDT. The treatments were divided into two successive phases, which consisted of the decongestive and maintenance phase. In the decongestive phase, two certified skilled physical therapists performed two weeks of the CDT program at one single lymphedema center, five times a week. Each session of therapy included one hour of manual lymphatic drainage (MLD), compressive wrapping of the limb with multilayered and low-stretch compressive bandages, specific remedial exercises, and skin care [11, 16] . This first decongestive phase aimed to obtain substantial volume reduction of the lymphedema [17] .
After two weeks of the decongestive phase, patients followed a maintenance phase of self-care at home. Patients were taught self-bandaging, a self-massage technique, and remedial exercises under the supervision of a physical therapist. Patients were issued compression garments at the conclusion of the decongestive phase. The maintenance therapy consisted of daytime ready-made compression stockings, a daily session of self-administered MLD and skin care, as well as remedial exercises. Additionally, it was recommended that at least three overnight bandages be worn each week. During the maintenance www.e-arm.org phase, follow-up visits to outpatient clinics were scheduled at 3, 6, 12, and 24 months. We ascertained compliance with the maintenance therapy and encouraged the patients at each study time point.
Limb volume measurements
Lymphedema volume was serially measured prior to CDT, immediately after CDT, and at 3, 6, 12, and 24 months follow-up visits. Limb volume measurements were performed using an optoelectronic volumeter, Perometer (Pero-System, Wuppertal, Germany). Two measurements were obtained from the same site, and these measurements were then averaged. Measurements were taken by an examiner experienced in lymphedema treatment.
The therapeutic response of CDT was quantified as the change in the PEV of the treated limb. Excess volume was calculated as the difference in limb volume between the affected and unaffected sides [17] . The unaffected limb was used as a normal control for the affected limb. PEV was calculated using the following formula:
Va represented the volume (mL) of the affected upperlimb and Vu represented the volume (mL) of the unaffected upper-limb. This parameter is better for evaluating edema evolution than absolute volume measurements, because of the heterogeneity of the anthropometric measures in the sample [15] . One method of establishing the severity of unilateral limb lymphedema is based on the difference in the limb volume of the affected and unaffected limbs. The International Society of Lymphology (ISL) [18] utilized the severity assessment based on the volume difference, assessed as minimal (<20% increase) in limb volume, moderate (20%-40% increase) or severe (>40% increase). In our study, patients were classified into two groups according to the PEV prior to CDT: group 1, PEV<20% and group 2, PEV≥20%.
Statistical analysis
Descriptive statistics are presented for demographic and clinical/treatment factors of interest. The independent t-test was used to detect the significant difference in variables between the two groups. Between the two groups, the linear mixed model was used to detect the significant difference of the effects of CDT on lymphedema over time. Results were presented as means with standard deviations. The p-values less than 0.05 were considered as statistically significant. The collected data were analyzed using SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Descriptive characteristics
A total of 57 patients were included in the study. Table  1 shows the baseline characteristics of the patients. Average age was 48.6±10.3 years and one of the patients was a man. Among these patients, 34 patients (59.6%) had lymphedema in the left arm and 23 patients (40.3%) had lymphedema in the right arm. All of the patients had breast cancer surgery with axillary dissection: 46 patients (80.7%) had a modified radical mastectomy (MRM) with ALND and 11 patients (19.3%) had breast conserving surgery with ALND.
When the patients were classified according to the PEV prior to CDT, 32 patients (56.1%) were placed in group 1 (PEV<20%) and 25 patients (43.9%) were placed in group 2 (PEV≥20%). The main comparisons of clinical characteristics between the two groups are presented in Table  2 . The average interval from the time of the surgery to the onset of lymphedema was approximately 19.3 months www.e-arm.org in group 1 and 32.2 months in group 2 and did not differ significantly in each group (p=0.22). However between the two groups, the chronicity of lymphedema was significantly different statistically (p=0.006). In group 1, the chronicity of lymphedema was 8.5±6.6 months; and in group 2, it was 27.5±31.5 months.
There was no significant statistical difference between each group in age (p=0.35), BMI (p=0.91), chemotherapy (p=0.56), radiotherapy (p=0.67), and MRM (p=0.91). The mean PEV before CDT was 11.4±5.0% in group 1 and 41.9±19.6% in group 2. PEV before CDT in group 2 was significantly higher statistically than that in group 1. According to the ISL definition, the baseline severity of group 1 was minimal lymphedema, and the baseline severity of group 2 was severe lymphedema. Stillwell [19] defined "slight" lymphedema as PEV of 11%-20%, and PEV below 10% he called "insignificant". In group 1, the baseline PEV was 11.4%, which was slight lymphedema according to this classification.
Percent excess volume
When compared to the unaffected arm, data for the mean PEV changes of the affected arm before CDT (pre-CDT), right after CDT (post-CDT) and at 3, 6, 12, and 24 months after CDT are shown in Table 3 . There was a decrease in PEV from pre-CDT to post-CDT, 3, 6, 12, and 24 months after CDT in group 2. The greatest decrease in PEV was at 6 months after CDT, with PEV tending to increase over time. At post-CDT and 3, 6, 12, and 24 months after CDT, the PEV in group 2 was significantly lower than Fig. 1 . Distribution of percent excess volume (PEV) at study time points. At months 3, 6, 12, and 24 after CDT, the PEV in group 2 (PEV≥20%) was significantly lower than at the baseline, but no significant difference was seen in group 1 (PEV<20%). Error bars indicate a standard deviation. CDT, complex decongestive therapy; pre-CDT, prior to CDT; post-CDT, right after CDT. *p<0.05, comparison with pre-CDT. www.e-arm.org pre-CDT (p<0.001) (Fig. 1) .
In group 1, there was a decrease in PEV from pre-CDT to post-CDT and 3 months after CDT. At 6, 12, and 24 months after CDT, the PEV started to increase. However, during the maintenance phase, there were no significant increases in PEV compared with pre-CDT (Fig. 1) .
DISCUSSION
This study investigated long-term effects of CDT on edema reduction in patients who suffered from BCRL after an axillary dissection. The patients were classified into two groups according to the volume of edema prior to CDT. The different outcomes of CDT for the two groups were investigated.
Earlier studies have shown various factors influencing the volume of BCRL after CDT [20] . The different effects of CDT may be related to the quality of CDT as well as the different diagnostic methods used for the limb-volume measurement. In this study, we attempted to control the factors that might influence the results of CDT. All patients were recruited in a single clinic by a clinician, and the treatments were homogeneous. Limb volume measurements were performed using an optoelectronic volumeter, which was able to overcome many of the limitations of the traditional diagnostic tools [21] . The optoelectronic volumeter has been found to have increased sensitivity and decreased variability in measuring BCRL [22] . Also, optoelectronic volumeter allows for a fast and relatively accurate measurement of arm volume and facilitates routine monitoring of arm volume in clinical practice.
Lymphedema is very frequently quantified as an absolute volume-change in the literature [20] . However, absolute volume measurements lack specificity, because the magnitude of absolute volume change depends on the body size (weight and BMI) of each patient [23] . A relative volume difference between the affected and unaffected arms expressed as a percent change is a more reliable method, as such does not vary with body size and shape [23] . There has been an increasing number of studies using the relative difference of arm volumes to minimize the effect of body weight [15, 24, 25] . Ancukiewicz et al. [23] conducted a prospective study of 677 patients with breast cancer and reported that temporal changes in the absolute volume of the unaffected arm is correlated with patient body size, while relative arm volume change does not. We used PEV, not absolute excess volume, to calculate lymphedema severity, so as to exclude the confounding factor of individual body size. However, some studies have found that BMI is correlated with CDT efficacy and lymphedema severity [11, 12, 26] . Hence it is a limitation of this study that the temporal change of BMI is not recorded. In some cases, absolute volume of the unaffected arm increased as compared to that before CDT; or absolute volume of the affected arm decreased compared to the unaffected. These results might be due to an increased activity of the unaffected arm, fibrosis or atrophy of the affected, and disuse of the affected [27] . As there are individual variations in the unilateral arm, relative volume measurement may be complemented by the absolute volume measurement.
Another point to consider when comparing the volume of affected limb with the unaffected contralateral limb is the natural difference in limb size, especially the dominant versus the non-dominant arm. The mean normal inter-limb difference is known to be 3% [28] . In this retrospective study, we could not analyze the volume change according to the hand dominance. However, we diagnosed BCRL with a combined method of volume measurement and physical examination, which might enable proper exclusion of the normal inter-limb differences. As there are individual variations in the normal inter-limb differences, the assessment of volume change must be supplemented with qualitative evaluation to make a sensitive diagnosis of BCRL [24] .
When the two groups of the study were compared, it was found that there was no significant statistical difference between the patients of varying age, BMI, the time of surgery to onset of lymphedema, chemotherapy, radiotherapy, and MRM. The groups were relatively homogenous. However, the chronicity of lymphedema was significantly different between the two groups (p=0.006) ( Table 2 ). The patients of group 2 have had chronic lymphedema for more than two years, with significantly higher initial PEV (p<0.001) ( Table 2 ). This was compatible with results of other studies, in which the amount of initial swelling was correlated with lymphedema duration [12, 29] .
In previous studies, CDT has been shown to be effective in reducing edema, both in acute as well as chronic cases. Vignes et al. [12] found that the chronicity of www.e-arm.org lymphedema was a predictive factor of response when the response was measured in the absolute value of reduction in lymphedema volume; but relative percentage of volume-reduction was same, regardless of the chronicity. Moreover, in many other studies, the chronicity of lymphedema was not a predictive factor of response [11, 14, 15, 29, 30] . Based on these studies, there seems to be a low-correlation between the chronicity and CDT outcome.
Although there was no significant volume reduction in group 1, slight lymphedema was not worsened to moderate or severe lymphedema for 24 months. According to a previous study [31] , a progression of untreated lymphedema is common. Similarly, Bar Ad et al. [32] analyzed the time-course of arm lymphedema after breast conservation treatment and showed that one-third of patients with mild and moderate arm lymphedema at the time of initial diagnosis progressed to a higher grade during the first 5 years of follow-up after the initial arm lymphedema development. These results may be compared to the results of our study, with no progression to a higher grade in group 1. No progression to higher grades during 24 months may be a meaningful effect of CDT in group 1.
Previous studies [14, 15, 33] have reported that patients with lower PEV showed a better response to CDT, but such does not correspond with our results. However, the mean initial PEV of these studies was 35.3% [15] and 27.7% [33] . These initial PEV were moderate lymphedema according to the ISL definition [18] and markedly different from that of group 1 (11.4%). Also, they measured the arm volume with circumference, which is less accurate than optoelectronic volumeter as used in our study. Also these studies did not perform long-term follow-ups to examine the beneficial effects of CDT.
To our knowledge, there are limited reports concerning the CDT response for slight lymphedema. Our results in group 1 were supported by a retrospective study [24] of 98 patients with BCRL with a follow-up of 10 years, where the mean PEV was 8.1% at diagnosis and 9.0% at the last follow-up measurement (mean 48.9 months), with no significant difference. Our results of group 1 were similar to the results of this previous study. In group 1, at 6 months after CDT, PEV was observed to increase again with no significant difference as compared to the initial PEV (Table 3 ). An explanation for this increase after 6 months might be that there were cases of localized edema in group 1. Lymphedema is not necessarily uniform in distribution and may instead develop in a localized arm segment. Localized swelling may precede generalized arm lymphedema. However, current methods of assessing lymphedema based on the whole-limb measures may not detect these early localized changes [20] . Therefore, additional research is required to assess the localized swelling in mild lymphedema, and improved techniques are needed to examine the localized edema.
In group 2, PEV improved from 41.9% to 28.8% after CDT, or from severe lymphedema to moderate lymphedema. At 24 months after CDT, PEV was 27.0% and reduced to 64.4% compared to pre-CDT (41.9%). These positive effects of CDT coincide with previous findings of CDT reducing lymphatic volume [34] [35] [36] . Fig. 1 shows the similarity between PEV at post-CDT and PEV at 24 months, suggesting that PEV at post-CDT may be used to predict a long-term outcome. Although there is no improvement to PEV<20% (mild lymphedema) during the follow-up period, it may be argued that BCRL with a large initial PEV can be reduced to about half the amount by CDT. Hence we should encourage patients to receive CDT even with severe lymphedema.
Several limitations of this study warrant discussion. First, because we enrolled only 49% of eligible patients, our findings must be generalized cautiously. Second, since ours was a retrospective analysis, we did not formally assess the fidelity of the patients to the maintenance therapy guidelines, similarly to other retrospective studies [24, 30, 33, 35, 37] . However, since patients' compliance to CDT is an important predictor of response [15] , further studies are needed to compare different compliance with stratified analysis. Third, the qualitative evaluation of dermal thickness, fibrosis and skin tone can contribute to confirmation of the clinical diagnosis of lymphedema. However, we did not perform qualitative evaluation of these signs. Those patients with chronic lymphedema especially may have extensive fibrosis in the tissues, and they may exhibit less effects of CDT. Therefore, evaluation of fibrosis tends to a more precise assessment of CDT response. However, to our knowledge, the methods of measuring fibrosis have not been tested for validity or reliability [10, 15, 30, 38] . Previous studies [11, 12, 14, 33] have not assessed the presence of fibrosis, and an explanation for the relationship between fibrosis and CDT response cannot be found. Although there is a study [15] which www.e-arm.org reported that fibrosis is not a predictive factor of CDT response, the study does not specify methods of measuring fibrosis. Therefore, further study is required to validate the qualitative evaluation of tissue character and skin condition with additional instruments, such as ultrasound, tissue tonometer, and bioimpedance. Also, based on the establishment of methods, additional research is required to understand the relationship between fibrosis and CDT response.
In the long-term (over 24 months), CDT was found to be effective in BCRL after a mastectomy with ALND, but there was a difference in progression of PEV according to the initial PEV. Although there was no improvement to PEV<20%, patients with more initial PEV showed significant volume-reducing effects of CDT. On the other hand, the severity of lymphedema did not progress to higher grades in patients with less initial PEV, although there was no significant volume difference for 24 months. Therefore, it is important to encourage patients to receive CDT, both in mild and severe lymphedema. Several limitations notwithstanding, the results of our study may help guide management in the long-term care of BCRL patients after axillary dissection.
